Section |: Multiple Choice

Listed below are the correct answers to the multiple-choice questions and the percentage of AP candidates who
answered each question correctly.
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Section ll: Free Response

Scoring Guidelines and Sample
Student Responses

The answers presented here are actual student responses
to the four free-response questions on the 1999 AP
Biology Examination. The students gave permission to
have their work reproduced at the time they took the
exam. These responses were read and scored by the
leaders and faculty consultants assigned to each particu-
lar question during the AP Reading in June 1999. The
actual scores that these students received, as well as a
brief explanation of why, are indicated.

Describe, Explain, Design — these are the impor-
tant directives that appear in each of the four FR
questions on this year’s examination. The questions
required students to exhibit higher order thinking
skills—not simply learning and feeding back a collec-
tion of facts.

B  Question 1 is a laboratory/experimental question
on photosynthesis that asks students to design an
experiment.

B Question 2 is a broad, comprehensive question on
the biology of cell-to-cell communication.

® Question 3 is based on analysis of a biological
classification scheme, and is basically an evolution
and systematic biology question.

B Question 4 deals with how DNA meets the criteria

for being hereditary material and asks students to
describe experimental evidence supporting one of
the criteria.

These four questions covered the breadth of what is
typically covered in a two-semester college-level biology
course. All four had multiple parts, and there were
many ways that students could get full or partial credit.
This was an extremely challenging set of FR questions.
The diversity of biological facts, mechanisms, and
theories was well represented on these exam topics.
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Question 1 Scoring Guidelines

A. Experimental Design: (7 points maximum)

The following experimental characteristics may earn 1 point each:

Score only the first independent variable (temperature, N, intensity) manipulated, and the first factor used by
the student to measure photosynthetic rate (0,, CO,, erc.).

A 3-point maximum in Section A if the experiment will not work biologically. Examples: using an organism
that is not photosynthetic, or using an apparatus that biologically will not measure photosynthesis as designed
(i.e. potometer or respirometer). O points lost for a minor flaw in technical design.

State hypothesis (clear statement of a hypothesis, identifies it as a hypothesis, uses “If/then” statement
Specify a control group for comparison

Identify and hold constant at least one experimental factor that can affect photosynthetic rate
Manipulate the independent variable (change the temperature, A of light, intensity of light)
Describe what is being measured to determine rate (CO, or H,O consumption, O, or carbohydrate
production, growth, e flow measured with dye reduction, production of an intermediate product, etc.)
Quantify the measurement of the variable (method and time frame of measurement)

Rate calculation or definition

Verify results through sample size (>1) or repetition

Utilize statistical application of data (mean, t-test, ANOVA, etc.)

Design an exemplary experiment
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B. Describe expected experimental results (2 points maximum)

B Verbal or graphic description of expected experimental results (1 point)
B Verbal or graphic description of expected results across the entire range of biological activity (1 point)
B The graphs below represent 2-point graphs, but to earn any points, graphs must be accurately labeled

Temperature Wavelength Intensity
e Rate rises with temperature | e  An “action spectrum” with e Rate increases steadily to a
to an optimum and then highest rates in the blue and maximuim and levels off
falls red regions of the spectrum
z 2
3 g E
(%4 e 2
E E g
£
a
Blue  Green _Red Light Intensity
Temperature wavelength of Light

How students could earn points in this section:

B One point for a reasonable description of expected results from experimental set-up, and a second
point if description included what to expect if the independent variable extended across the range of
biological activity.

B To earn points for temperature results, a photosynthetic rate that rose with temperature to an
optimum and then fell. A description or a graph similar to the one in the table above could earn
the student 2 points.

B To earn points for wavelength results, a photosynthetic rate showing an “action spectrum” with
highest rates in the blue and red regions of the spectrum and a pronounced dip in the green. A
description or a graph similar to the one in the table above could earn the student 2 points.

B To carn points for light intensity results, a photosynthetic rate that rose with temperature to an
optimum and then leveled off. A description or a graph similar to the one in the table above could
earn the student 2 points.

C. Biological explanation of results (3 points maximum)
B Temperature

Enzyme kinetics or metabolic changes

Enzyme denatures

Photorespiration

Stomatal closing with high temperature, limits CO,, and lowers rate
Excessive water loss, less reactant available for reaction

Elaboration
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B Wavelength

Absorption/reflection of light by chlorophyll
Accessory pigments absorbing green light
Relation between wavelength and energy

Elaboration
B Intensity

B More photons hit photosystems

8 More ¢ flow in the electron transport system/time
B Plateau caused by limiting factors

@ Elaboration

How students could earn points in this section:

B In this section, students could earn points by giving solid, biological explanations for the changes in
photosynthetic rates they would expect.

B The simplest way to earn 2 points was by explaining both the rise and fall of the temperature curve,
both “peaks” and the “valley” of the action spectrum, and both the rise and the plateau of the light
intensity curve.

B There was also an elaboration point to be given at the readers’ discretion for very strong, in-depth
answers.

B Answers were expected to contain some sophistication, and answers such as, “In the high temperature,
the plant dies so photosynthesis is lower” or “Since light is important to photosynthesis, with higher
intensities, photosynthesis goes faster,” did not receive points.
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Sample Student Responses for FRQ 1
Essay 2 (8 points)
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Sample Student Responses for FRO 1
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Common Errors and Misconceptions
Part A

Most students failed to earn the “Quantify” point
because they did not explain how to measure gases
like oxygen and carbon dioxide; when they did,
they failed to describe the time frame in which the
gases would be measured.

Few students earned points for a rate calculation/
definition, using a statistical application, or
designing an exemplary experiment.

Students often used equipment from other AP
Laboratory protocols such as potometers and
respirometers.

A widely held misconception is that transpiration
rate equals photosynthetic rate.

Another misconception is that light duration and
light intensity are the same.

Many students who sought to measure plant
growth and used darkness as a control or simply a
light intensity treatment failed to realize that plants
can grow vigorously in the dark.

Often students chose to measure photosynthetic
rate by examining the “health” of the plant.

Part B

Most students seemed unaware of the temperature
curve going down and the light intensity curve
leveling off at higher temperatures.

o ]

PartC

Generally, students garnered few points in this
section, which relied almost entirely on basic

AP-level biological knowledge.

Students had difficulty explaining results, especially
when they tried to relate reaction rate to the events
in the “light phase” of photosynthesis. They seemed
to do a little better relating the lowered kinetic
energy of reactants at low temperature and the
denaturing of enzymes at higher temperature.

Very few student essays combined strong experi-
mental designs with an in-depth knowledge of
photosynthesis.
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Question 2 Scoring Guidelines

Template for Determining the Distribution of Points

Source Signal Responses/Elaborations
[1 point maximum] [1 point maximum] [2 points maximuim]
Communication Hormone-producing cell A specific plant hormone Various physiological
between two plant cells  {generic) changes
[4 points maximum] Plasmodesmata JTon movement;
(elaboration point for H,O movement;
good description) RNA movement

How students could earn points in this section:

Plant Hormonal Communication

B Source point could be earned by a phrase such as “hormone-releasing cell.” This is due to the fact that plant
hormones are often produced in multiple locations, .g., various meristems.

B Signal point could be earned only by naming a specific plant hormone (auxin, gibberellin, etc.).

B Response point(s) could be earned by naming any of the general or specific effects associated with the hormone
chosen.

Plant Non-Hormonal Communication

B Source point could be earned by a description of a plasmodesma.

B Source-elaboration point could be earned by a more detailed description of such; no points were earned for
simple use of the term plasmodesma without an accompanying description.

B Response point(s) could be earned by identifying specific responses that result from communication via
plasmodesmata.




The standards also incorporated opportunities for earning points for such examples as phytochrome-mediated
communication, communication involved in touch-sensitive plants, etc.

Communication Any two immune system T/APC docking Discharge of perforin;
between two cells interacting or Antibody phagocytosis of pathogen;
immune system cells An immune system cell Histamine inflammatory response;
[4 points maximum] interacting with the Interferon phagocyte activation;
product of another ADb secretion;
immune system cell clonal selection

How students could earn points in this section:

Typically, two immune-system cells will initially interact (e.g., T, docking with an APC), setting off a sequence of
events involving an early release of lymphokines/interleukins that elicit multiple effects such as activation of other
immune-system cells. In turn, one of the initial cells may subsequently interact with a different type of immune-
system cell (e.g., T, docking with a B cell, for a T-dependent antigen), mediating release of additional lymphokines/
interleukins that elicit still other effects. And so, there are initial sources/signals/responses, intermediate sources/
signals/responses, and late-term sources/signals/responses.

A student could earn points by starting anywhere in the sequence and describing the interaction of any immune-system cell
with another immune-system cell.

The definition of what constitutes an immune-system cell is not static. For example, an uninfected epithelial cell
would not be considered an immune system cell, whereas that same cell infected by a virus would be considered an
immune system cell, given that it releases interferons, one of whose effects is to activate phagocytes. Interactions
between an immune-system cell and the products of another immune-system cell (e.g., the phagocytosis by a
macrophage of an Ab-bound pathogen) also fell within the parameters of the question.

Communication Sending neuron Neurotransmitter Chemical gating;

between two depolarization of

neurons postsynaptic membrane;
OR EPSP, IPSP, or both

between a neuron Sending neuron Neurotransmitter Action potential to

and a muscle cell T tubules; Ca™ release

[4 points maximum] from sarcoplasmic

reticulum; Ca™ binding
to troponin; cross-bridge
formation

How students could earn points in this section:
Neuron-to-Neuron Communication

B source point for a description of a sending neuron, i.e., one involved in transmitting a signal across a chemical
or electrical synapse.

B signal point for describing a generic neurotransmitter (in the case of chemical synapses) or for describing direct
current flow (in the case of electrical synapses utilizing a gap junction).

B response points, any of the various effects elicited in the post-synaptic neuron could earn up to 2 points.

Neuron-to-Muscle-Cell Communication

B The criteria of a sending neuron and a neurotransmitter were the same as described for neuron-to-neuron
communication.
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Up to 2 response points for any of the various effects elicited in the muscle fiber, whether initial, intermediate,
or late-term. It should be noted that most students, in designating a muscle fiber, did not specify skeletal,
cardiac, or smooth muscle; the standards attempt to encompass all of these.

Communication Specific gland Specific hormone Specific effect
between a specific (elaboration point for peptide vs. steroid hormone pathways)
endocrine-gland cell

and its target cell

(4 points maximum]

How students could earn points in this section:
The precise wording of the question required specificity and linkage for the answer to earn points.

B A signal point could not be earned in the absence of a source point or a response point. Thus, a student who
described an endocrine gland as releasing a mismatched hormone (e.g., pituitary — aldosterone) earned noth-
ing; whereas a student who described an endocrine gland with its correctly matched hormone (e.g., pineal gland
— melatonin) earned two points, i.c., for source and signal. Likewise, a hormone had to be linked to responses
it actually elicits to earn response points. Points could be earned for initial, intermediate, or long-term responses.

B It was also possible to earn a source point and response points by correct linkage, even in the absence of a signal
point (e.g., the pituitary causing ovarian follicle growth without mention of FSH).

orrect linkage between source-signal-responses was necessary for a student to earn four points in this category.
C t linkage betw gnal-resp v f tudent ¢ four points in tl tegory.
B DPoints were awarded if a student designated “the pituitary” as the source for FSH or prolactin, without designat-
ing the anterior lobe specifically. Likewise for “the adrenal” as the source of hormones from the adrenal medulla
and the adrenal cortex. However, if a student attributed a hormone of the adrenal medulla to the adrenal cortex,
no points were earned.

Although many non-steroid hormones may eventually be found to involve a signal transduction pathway that
includes a second messenger, a point was awarded only for those hormones that have been identified as having
such a second messenger in the textbooks and reference works available to the readers.

® In addition, a student could earn up to 4 points for an accurate description and linkage of an endocrine gland,
hormone, and responses from an invertebrate, although such answers were very rare.

Addendum: Details of Communications between Cells in Multicellular Organisms

Part I - Plant cell-to-plant cell communication
Plant hormonal communication

Source: Signal: Response/Recipient Cell:
Apical bud/young leaves  Auxin (IAA)

cell elongation

increase in cell wall plasticity

stimulation of proton pumps/lowering of cellular pH
stem elongation

root growth/differentiation

stem phototropism (+), root phototropism (-)

stem gravitropism (=), root gravitropism (+)
suppression of lateral buds (apical dominance)
organogenesis

Seed Auxin (JAA) cell elongation
B seed germination

B fruit development




Source: Signal: Response/Recipient Cell:
Root cells Cytokinin & root growth/differentiation
B cell division (general effect)
8 delay of senescence (particularly in leaves)
B organogenesis
Seed hypocotyl Cytokinin 8 cell division (general effect)
B seed germination
Source: Signal: Response/Recipient Cell:
Apical bud meristem Gibberellins ® bud growth (including breaking of lateral bud suppression)
Root meristem 8 stem elongation
Young leaves B root growth
B root differentiation
® leaf growth
# flowering
B bolting
B fruit development
Seed embryo Gibberellins stimulation of aleurone cells to release hydrolytic enzymes

endosperm breakdown
seed germination

Older tissue
Water-stressed tissue
Unripe fruits

Abscisic acid

growth inhibition

closing of stomata
reinforcement of seed dormancy
stress responses

Ripening fruits
Stems

Older leaves

Flowers

Wounded tissue
Infected tissue

Ethylene

Ethylene

promotion of fruit ripening (autocatalytic)

hypocotyl hook formation

inhibition of cell elongation

root growth/inhibition (dose- and species-dependent)
leaf growth/inhibition (dose- and species-dependent)
flower growth/inhibition (dose- and species-dependent)
leaf abscission

stimulation of suberin deposition (physical barrier

to pathogens)

stimulation of phytoalexin biosynthesis (chemical barrier
to pathogens)

potentiation of hypersensitive response

Note: A description of phytochrome-mediated responses (e.g., flowering, etc.) can also earn up to 4 points in this

category.

Plant non-hormonal communication

Source:

Signal:

Plasmodesmata (elaboration
point for good description)

Mimosa leaves/pulvini

Venus flytrap sensory hairs

K’ movement

Response/Recipient Cell:

B water movement
ion movement
movement of informational molecules, e.g., RNA

loss of turgor
propagation of action potentials in plant




Addendum, continued
Part I — Immune-system-cell to immune-system-cell communication
Interferon release by virus-infected cells (infected cell becomes immune system cell)
Source: Signal: Response/Recipient Cell:
Virus-infected cells Interferon B activation of phagocytes
B resulting ingestion of microbes

Cytotoxic T cell (T.) “docking with” antigen-presenting cell (APC = cell infected with intracellular pathogen
or a cancer cell)
Source: Signal: Response/Recipient Cell:
APC T_./APC docking ® discharge of perforin by T .
B pore formation in cell membrane of infected cell
B cell lysis

Helper T cell (T,,) “docking with” antigen-presenting cell (APC = macrophage)
APC T, /APC docking release of [L-1/cytokines by APC

T, activation

release of IL-2/cytokines by T, cell

T, proliferation (mediated by IL-2)*

formation of memory T, clone (mediated by IL-2)*
Tc activation (med. by 1L-2; CMI)

B cell activation (mediated by IL-2; AMI/humoral immunity)
“docking” of T, with a B cell (for T-dependent Ag)
formation of plasma B cell clone*

formation of memory B cell clone*

antibody secretion (primary immune response)
development of immunological memory

*Part of clonal selection

Macrophage interaction with neutralized or agglutinated (antibody-bound) pathogen
Source: Signal: Response/Recipient Cell:
Macrophage Antibody Macrophage activation

® phagocytosis of pathogen

Macrophage interaction with Ab-precipitated soluble antigen

Source: Signal: Response/Recipient Cell:

Macrophage Antibody ® macrophage activation
B phagocytosis of antigen

Mast cell Histamine ® inflammatory response
B chemotaxis
B recruitment of phagocytes




Part IIT - Communication between two neurons OR between a neuron and a muscle cell
Neuron-to-neuron transmittance of an action potential via neurotransmitter release at chemical synapse
Source: Signal: Response/Recipient Cell:
Pre-synaptic neuron Neurotransmitter B binding to postsynaptic membrane
B opening or closing of ion channels in postsynaptic membrane
(chemical gating)
8 change in membrane potential in postsynaptic membrane
(graded potential; may be EPSP, IPSD, or both)
8 depolarization or hyperpolarization (opening or closing of ion
channels) of postsynaptic membrane
B possible action potential in postsynaptic cell
B rapid enzymatic degradation of neurotransmitter
B spatial summation (multiple presynaptic neurons stimulating a
postsynaptic neuron simultaneously)
B temporal summation (a single presynaptic neuron stimulating
a postsynaptic neuron in rapid-fire sequence)

Pre-gap neuron to-post-gap neuron transmittance of an action potential via gap junctions (electrical synapses)
Source: Signal: Response/Recipient Cell:
Pre-synaptic neuron Current flow ® rapid depolarization of postsynaptic neuron

® maintenance of signal strength

B synchronization of vertebrate neuronal responses

Release of acetylcholine at neuromuscular junction

Source: Signal: Response/Recipient Cell:

Pre-synaptic neuron Acetylcholine ® depolarization of muscle fiber plasma membrane
action potential carries to T-tubules

Ca"" release from sarcoplasmic reticulum

Ca"" binding to troponin

conformational change of tropomyosin

exposure of myosin binding sites

cross-bridge formation

muscle fiber contraction

cholinesterase termination of response
Note: An accurate description of events at a neuromuscular junction involving cardiac muscle or smooth muscle
can earn up to 4 points in this category.

Note: Components of a reflex arc may be described under either neuron-to-neuron communication, or neuron-to-
muscle cell communication. However, a portion of the reflex arc must be isolated and described on the basis of two
individual cells communicating, viz., either one neuron with another neuron, or a neuron with a muscle fiber.

Part IV — Endocrine-gland-cell to target-tissue-cell communication
Hypothalamic/Posterior Pituitary Hormones

Source: Signal: Response/Recipient Cell:
Hypothalamic/Posterior ADH (vasopressin) B second messenger, e.g., cAMP
Pituitary Hormones B increased water reabsorption by collecting duct
B urine concentration/osmoregulation
B

vasoconstriction increases BP

increased uterine contraction

Hypothalamic/Posterior  Oxytocin

Pituitary Hormones

increased milk ejection/letdown
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Addendum, continued

Hypothalamic Hormones
Source: Signal:
Hypothalamus Releasing hormone

Hypothalamus

Inhibiting hormone

Response/Recipient Cell:

increased hormone secretion by anterior pituitary
(adenohypophysis)

second messenger, e.g., cAMP

see specific anterior pituitary hormones for additional effects

decreased hormone secretion by anterior pituitary
see specific anterior pituitary hormones for additional effects

(Anterior) Pituitary Tropic Hormones

Source:
Anterior pltuitary

Anterior pituitary

Anterior pituitary

Anterior pituitary

Anterior pituitary

Signal:
FSH

LH
(ICSH in males)

TSH (thyrotropin)

ACTH

Growth hormone
(STH)

Response/Recipient Cell:

increased follicular growth (granulosa cells)

increased estrogen release by growing follicle

second messenger, e.g., cAMP

negative feedback of further FSH and LH release by estrogen

increased sperm production in males (Sertoli cells)

increased follicular maturation

ovulation

promotes formation/maintenance of corpus luteum
increased gonadal steroid secretion by ovaries/testes
second messenger, e.g., cAMP

increased hormone production/secretion by thyroid
increased thyroid growth
second messenger, e.g., cAMP

increased release of adrenal steroids
second messenger, ¢.g., cAMP

growth stimulation (bone/muscle)

® increased protein synthesis

B alters metabolism
(Anterior) Pituitary Nontropic Hormones
Anterior pituitary Prolactin ® increased mammary gland growth/maturation
® increased milk production/synthesis
® increased nest building
® decreased LH secretion in males
Anterior pituitary MSH ® stimulation of melanocytes
® second messenger, e.g., cAMP
Thyroid Hormones
Source: Signal: Response/Recipient Cell:
Thyroid Triiodothyronine/ 8 metabolic stimulation required for development/growth
thyroxine (T3/T4)
Thyroid Calcitonin ® increased bone formation
8 decreased blood calcium/maintenance of homeostasis
B second messenger, e.g., cAMP
Parathyroid Hormone
Source: Signal: Response/Recipient Cell:
Parathyroid glands Parathyroid B increased blood calcium/maintenance of homeostasis
hormone (PTH) ¥ increased calcium reabsorption by kidneys
8 increased calcium absorption by GI tract
8 second messenger, e.g., cAMP
[
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Pancreatic Hormones
Source:
Pancreas

Pancreas

Pancreas

Signal:

Insulin
Glucagon

Somatostatin

Response/Recipient Cell:

maintenance of blood glucose uptake/metabolism
increased glucose conversion to glycogen

increased glycogen breakdown to glucose
second messenger, e.g., cAMP

inhibition of insulin and glucagon release
decreased digestive tract activity

Adrenal (Medulla) Hormones

Source:

Adrenal medulla

Signal:
(Nor)epinephrine

Response/Recipient Cell:

glycogen breakdown

increased blood pressure

increased breathing rate

increased metabolic rate

fight or flight — changes in blood distribution
second messenger, e.g., cAAMP

Adrenal (Cortex) Hormones

Source:
Adrenal cortex

Adrenal cortex

Adrenal cortex

Signal:
Glucocorticoid
(cortisol)

Mineralocorticoid

(aldosterone)

Sex hormones

Response/Recipient Cell:

increased protein/fat conversion to glucose
increased blood glucose

immune system suppression

suppression of inflammation

increased water reabsorption by kidney

increased Na' reabsorption by kidney

increased excretion of K

maintenance of mineral (electrolytes) homeostasis

See androgens and estrogens below

Gastrointestinal Hormones

Source: Signal: Response/Recipient Cell:
Stomach Gastrin ® increased food digestion by stomach
Small intestine Secretin ® increased HCO;— secretion by pancreas
Small intestine Cholecystokinin B release of pancreatic enzymes

® increased gall bladder contractions
Small intestine Enterogastrone ® alters intestinal segmentation
Pineal Gland Hormone
Source: Signal: Response/Recipient Cell:
Pineal Gland Melatonin ® regulation of circadian rhythms

m control of puberty onset
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Addendum, continued
Gonadal Hormones
Source: Signal: Response/Recipient Cell:
Testes Androgens B maintenance of male sexual behavior
B male secondary sex characteristics
B sperm production

Ovaries Estrogens B maintenance of female sexual behavior
B female secondary sex characteristics
® growth of uterine lining
B mammary gland growth/differentiation
Ovaries Progesterone B growth of uterine lining

mammary gland growth/differentiation

Kidney and Liver Hormones ‘
Source: Signal: Response/Recipient Cell:

Kidney/Liver Renin/Angiotensin II  ® angjotensinogen — angiotensin I — angiotensin II
system ® increased thirst
® increased vasoconstriction
B increased aldosterone
Kidney Erythropoietin B increased erythropoiesis
B increased O-carrying capacity of blood
Kidney Vitamin D (calcitriol) ® increased uptake of Ca™ by gut
Thymus Hormone
Source: Signal: Response/Recipient Cell:
Thymus Thymosin ® increased T-lymphocyte activity
Embryonic Hormone
Source: Signal: Response/Recipient Cell:
Embryo Human Chorionic B maintenance of estrogen secretion by corpus luteum
Gonadotropin B maintenance of progesterone secretion by corpus luteum
(HCG)

Note: An accurate description of an endocrine gland, hormone, and responses from an invertebrate organism can
earn up to four (4) points in this category.

Note: An accurate description of the basis for specificity in the binding of a particular hormone to its target cell will
earn a response point.




Sample Student Responses for Free-Response Question 2
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Sample Student Responses for FRQ 2
Essay 3 (10 points)
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Common Errors and Misconceptions

Answers often incorporated vague phrases such as

“cells talking to each other,” “messages traveling along

pathways,” “signals sent and received,” etc., without any

mechanistic explanation of how any of this occurred.

Many students wrote of cell membrane receptors

while rarely linking these receptors to a signal coming

from another cell; reflecting an imprecise reading of

the question.

Plant Communication

Students often were unable to associate a
response to the hormone that elicits it.

Many students wrote (for no credit) of commu-
nication between guard cells and stomates,
between source cells and sink cells, and between
xylem cells.

Immune-System Communication

Students were unable to sort out the complexity
of what cells interact with what other cells.
General statements of “B cells talking to T cells,”
“antibodies protecting the body against disease,”
and “the immune system’s ability to distinguish
self from non-self” were frequent.

Many students wrote of an immune-system cell
interacting with a virus or bacterium without
relating this response to a signal from another
immune system cell.

Neuron-to-Neuron Communication

While students often were able to describe the
idea of a sending cell and the idea of a neu-
rotransmitter, their descriptions of events in the
postsynaptic neuron were lacking in specificity.

Statements such as “the neuron gets the message”
Wwere COmmon.

Students often stated incorrectly that an action
potential originates at an axon, travels through
the cell body, and terminates at a dendrite, where
it is transmitted to the next neuron.

Many students described the propagation of an
action potential within a neuron but wrote
nothing about signal transmission between

tWO neurons.

Neuron-to-Muscle Cell Communication
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Students often stated that “the muscle contracts”,
and context made clear that they were referring
to the entire muscle (e.g., gastrocnemius) rather
than an individual muscle fiber.

Rarely did students describe events associated
with the sliding filament theory.

In the papers that had a reflex arc as an example,
students usually referred to the arc as a single
entity and concluded with a statement of how
one pulls one’s hand away from a hot object as a
response. Rarely did students isolate two indi-
vidual cells (neuron—neuron or neuron—muscle
fiber) and explain events in terms of cell-to-cell
communication.

Endocrine Communication

Students often were unable to link an endocrine
gland correctly to a hormone from that gland,
although they were more often able to link a
hormone correctly to its appropriate effects.
Understanding of the action of steroid vs.
nonsteroid hormones was lacking.



Question 3 Scoring Guidelines

Questlon 3isa thiee part quesnon that begms Wlth a stem descnbmg a da351ﬁcat10n system based o

B Secnonl 4 pomts g
'8 Section 11 - 6 points
® Section IH 4 pomts

‘ know somethmg about Eubacteua,
hat a umversal ancestm probably h

the universal ancestor; full cxedxt required a descripn Dn of the chalactensucs Slnce Section I1 askﬁd how
evidence was used to develop the taxonomic scheme, not for ‘comparison with the five-kingdom systel‘
classification, any differences among the domams were accepted. Also, Section [T asked for three kinds ;
evidence. As indicated in the directions punted on the back of the pink booklet, only the first thlee charac«
teristics that a student descrlbed were graded even though many students wrote on 'more than- three

For full credit, a student must receive at least 1 point from each section.

Section I
Maximum of 4 points from this section

For Section 1, the guidelines included a list of six possible conclusions (each worth 1 point) about relationships
among organisms that could be drawn from the classification scheme presented. These conclusions showed this
classification scheme to be different from the five-kingdom system. Another point could have been earned by listing
the five kingdoms from the earlier classification system.

1) Not all prokaryotes are closely related (not monophyletic).
1) Prokaryotes split early in the history of living things (not all in one lineage).
1) Archaea are more closely related to Eukarya than to Bacteria.

(

(

(

(1) Eukarya are not directly related to Eubacteria.

(1) There was a common ancestor for all extant organisms (monophyletic).

(1) Eukaryotes are more closely related to each other (than Prokaryotes are to each other)
(

1) Correct description of the five-kingdom system.

Section 11

Maximum of 6 points, 3 points from the first three descriptions of evidence mentioned and 3 from the explana-
tions. The explanations must differentiate between at least two of the groups.

Part II asked for three descriptions of kinds of evidence that were used to develop the new classification scheme. The
students then had to go further and explain how the evidence was used. It was expected that in this part differences
among the three domains would be described. Each difference mentioned was worth 1 point. The explanations
should indicate which group had which characteristic. In order to get the explanation point, students had to com-
pare at least two of the three groups. The guidelines for this section list 28 possible different kinds of evidence that
the students might describe and explain in order to get points on this section.
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Descriptions | Explanations
Differences Eukaryotes Archaea Eubacteria
Habitat — mostly extreme (halophilic, - + -
thermophilic, acidic)
Reproduction Mitosis/meiosis Binary fission Binary fission
Multicellularity exists + - -
Nucleus + ~ -
Membrane-bound organelles + - -
Microtubules/ microfilaments + - -
Cell walls with peptidoglycan - - +
Chromosomes:
Shape Linear Circular Circular
Number More than one One One
Histones present + + -
Ribosomes:
Size Large Small Small
Base sequence of rIRNA Similar Similar Unique
Structure of tRNA Similar Unique Similar
RNA polymerase Multiple types Multiple types | Single type
Introns Present Some None
Operon organization of genes - + -
Initiator amino acid in protein formation Methionine Methionine Formyl-methionine
Phospholipids:
Bonds Ether Ester
Hydrocarbon structure Branched Unbranched
Can be pathogens + - -
Response to antibiotics such as streptomycin or - - +
chloramphenicol
Response to diphtheria toxins + - -
Metabolism
Can be methanogens - + -

Enzymatic make-up differs
Enzyme location differs
Photosynthetic pigments differ

Must correctly describe what the difference is.

Differences in gene sequences of DNA

Must correctly describe what the difference is.

Differences in whole genome sequences

Must correctly describe what the difference is.
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Section II1

Maximum of 4 points for this section. Described characteristics can earn 1 point each OR 1 point may be earned
for a list of the first four correct characteristics. The question asked for descriptions, but it was decided that just
listing the four characteristics correctly without describing them would earn 1 point.

Characteristic (possible explanations)

(1) Small (surface to volume ratio, no internal transport system)

(1) Unicellular (all functions self-contained)

(1) Prokaryote (no membrane-bound organelles).

(1) Had cell membrane (containment, protection, semipermeable)

(1) Had cell membrane made of a phospholipid bilayer (barrier).

(1) Had cytoplasm (different from external environment)

(1) Had DNA for the genetic material (or nucleic acid or RNA)

(1) Had mRNA for information transfer (common to all organisms)

(1) Had tRNA to carry amino acids and/or aminoacylsynthetase (common to all organisms)

(1) Had ability to reproduce (asexual)

(1) Had ability to mutate, adapt, or evolve through natural selection

(1) Had ability to make proteins or had ribosomes on which proteins could be constructed

(1) Had metabolism: carbon-based or organic; Energy transformations, ATP as energy molecule

(1) Had enzymes for amino acid, nucleotide, and coenzyme synthesis as well as enzymes for glycolysis and the
Krebs cycle (common to all organisms)

(1) Heterotrophic/autotrophic® with explanation

(1) Anaerobic/aerobic with explanation

(1) Aquatic with explanation

Because Part II asked for six pieces of information (“describe 3 . . . and explain. . . .”), and Part III asked for a
description of four characteristics, a maximum of 4 points were attainable for parts I and III and 6 points were
attainable for part II. It was necessary to answer each part of the question in order to get full credit; a maximum of
9 points were awarded for either parts I and I or IT and III.

*not photosynthetic
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Sample Student Responses for FRQ 3

Essay 2 (8 points)
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Sample Student Responses for FRQ 3
Essay 3 (10 points)
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Commentary on Essay 3

Thisisa supenor paper In Pait 1, the student clea11y explamed that the diagram separated the Archaeba
Eubacteria into two domains and | put the Archaebacteria in a closer relauonshlp to the Eukaryotes Furt
_he/she mentioned ths the Eukaryotes are mcluswe Thiee points were earned. . .
- InDare II the student carned 2 pomts by citing d1fferences in cell wall comp051t10n as ewdence for
of the Eubactena from other domams,The student further explalned that the dlfference in cell wall ¢
is due to the presence of pept1d0 lycan in the Eubacteria and its absence in the other domains, The s
points were. carned by his/her discussion of hab1tat diff elenees between the Archaea and Eukaryotes and
Finally 2 points were earned by the dxscussmn of metabohsm dlfferences in Alchaebactena from Eukary
Bacteria demonstrated by the productlon of methane by some - Archacbacteria. , :
In Palt 111, the student gave an excellent descnpuon of four characteristics of the umvelsal ancestor,
which were correct. The student could have earned 4 pomts The Whole quesnon has a maximum of 10
Whlch the student more than earned' i ' ' : ‘

Common Errors and Misconceptions B o be unable to read the cladogram;

B not to understand the major differences between
Many students seemed: -
Eukarya and Bacteria;

B o be unfamiliar with the term “domain” (it is . )
. i . B confused about cyanobacteria and protists.

not prominent in the textbooks) even though it

was not necessary to have known about domains

to earn a gOOd score on thC question;

e




Question 4 Scoring Guidelines

Note: Part A can earn a maximum of 8 points. Part B can earn a maximum of 2 points.

A. Explain how DNA meets each of the three criteria stated above {8 points maximum]

1.

Molecular Properties for Precise COPYING [3 points maximum]

Template concept (semi-conservative replication)

Molecular structure (e.g., complementary base pairing; A:T,C:G; purine-pyrimidine pairing; antiparallel)
DNA polymerase function in copying

Separation concept

Elaboration of replication (e.g., specific roles of other replication enzymes, proper sequence of steps)

How students could earn points in this section: N
Points were awarded in this section for correctly linking structure or other molecular properties of DNA

to the copying mechanism. One point could also be awarded for a description of the copying process
without an accompanying explanation linking the steps to molecular properties. A point could also be
earned for explaining the role of DNA polymerase.

Molecular Properties that make it STABLE but ABLE to change [3 points maximum]

Stable

Energetically favorable arrangement; stable because of shape of molecule (e.g., double helix; bases in the
interior of the helix)

Energetically favorable arrangement; stable because of bonding (e.g., multiple H bonds; phosphodiester
bonds)

Silent errors (e.g., “junk” DNA; introns; redundancy of the genetic code)

Able to be repaired (e.g., proofreading)

Able

Description of a mutation (e.g., substitution; deletion; insertion; inversion; translocation)
Crossing over (e.g., during meiosis)

Base changes (e.g., depurination; deamination; tautomerism)

Gene rearrangements (e.g., antibody genes in stem cells; transposons)

Sensitive to mutagens (e.g., UV; X-ray)

Restriction enzyme recognition sequences



Stable or Able (with justification)

Methylation
#  Telomeres protect ends

EIOW students could earn points in this section:

In this section students could earn points for discussing the properties that make DNA stable and for
discussing the points that make DNA able to be changed. The student could earn the maximum by
addressing either or both aspects of this criterion. No points were awarded for general description of the
molecule unless the student specifically linked the description to the ability to remain stable or be able to
change. (Students often described the molecule, e.g., double belix, H bonds between the bases, without
demonstrating any understanding that these properties contribute to stability and/or changeability.) For
the same reason, a point for the mutation concept was not awarded unless the student described a type of
mutation, showing how murtation changes the molecule, e.g., during replication the molecule can change
because it is possible for it to experience a base substitution, rather than DINA can change by mutation.

The latcer seems to say DNA can change by changing. Two properties included in the standards could
arguably provide either stability or changeability. Either explanation was acceptable with justification.

3. Molecular Properties that make it COMPLEX enough to determine PHENOTYPE (3 points maximum]

Colinearity of gene and protein (i.e., base sequence determines aa sequence)
@ Infinite base sequence combinations lead to protein variety
Variable numbers of base pairs per gene lead to different sizes of polypeptides

Proteins are responsible for phenotype

Description of transcription and translation

Chromosome structure as it relates to function (e.g., supercoiling; chromosome or gene inactivation;
interaction with histones; etc.)

How students could earn points in this section:

Points were awarded for describing the properties of the molecule that make it complex enough to
determine phenotype. One point could be awarded for a description of transcription and translation
without an accompanying explanation linking the steps to molecular properties.

B. Select one of the criteria stated above and describe experimental evidence used to determine that DNA is the
hereditary material [2 points maximum]

8 Identification of experiment with valid link to any one of the criteria [1 point maximum]:
1) precise copying
2) stable burt able to change
3) complex enough to determine phenotype

4) DNA is the hereditary material

®  May include but need not be limited to experiments that show:
0 DNA can transform bacteria
o viral DNA can reprogram cells
O equivalence of AT and C:G
o double helix structure, {e.g., x-ray crystallography)

O replication is semiconservative

S —
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hereditary enzyme deficiency disorders have genetic links

DNA codes for protein

changes in DNA quantities during the cell cycle (mitosis/meiosis)
chromosome markers linked to disorders

measurement of mutation rates

changes in DNA (biotechnology)

Description of EVIDENCE [1 point maximum]

Evidence provided in the context of an experiment

O o o aa a

How students could earn points in this section:

One point was awarded for correctly identifying an experiment that provided evidence for the criterion
chosen by the student. If more than one criterion was selected, the reader scored the first one chosen. The
readers treated ‘that DNA is the hereditary material” as a fourth criterion. Therefore, even though only
three criteria were actually enumerated in the question, the students could choose an experiment that
provided evidence for this implied fourth criterion. While not every experiment cited was familiar to the
readers, every experiment cited was judged according to whether it could reasonably provide the evidence
described. The second point was awarded for describing the evidence in the context of an experiment.




Sample Student Responses for Free-Response Question 4
Essay 1 (10 points)
DNA L 1

ex |

pafent shamd of DA will Serve a; the template B Qrm““ﬁi Roare DACA mioleclile,
¥

veflhng in doavapbes Molgcvlef at afe lo_ oA DNA evd Y2 pow,  The DNMA

wolgwWle Wil dvwin Yhe widdte b Melicate, inch b(‘u@%«z}bro{f‘l’vldﬂ}
f@ ggmp}mmma% fweles tdos fm{oﬂwﬁ Heltcaje Hrachont in 4 3 0 § direshon

y A—

e g, pexd ;@4 )‘%Hu,;u: vecumg in a St R divection ; with 3" ond S

denoting g emds of fhe DAA molede, A rew: Shramd 0 sypthesigead by
4

P4 polumsrzis  whteh cxte (yzer the u»tm?) of hew Nvcleotipes fo each

hall oF Yo DNA molecle, TV each dmféhh— DNA molecde ldandcal

The DV4 molecule S held A@M’hu i the midde by hydmapy bonds bohrean

te Z Strowds  ind pucleobldes pre ahuched bo one amother (suarhwige down the

hdecde by phetpintocieS £2r hopds, Bottn of flrafe bonds PUd {ra C/o‘llw‘ﬁof"“%\b—

molecls, oitrthvke b e shbiliy, Bo wedper | yacichon U jpssibls. due to
mufatonr tn Fle DA Mubchon May he canvied ”’L‘L Aumlbae— ol Ssurces, byt

Trey all mclude the changing of the Seqvence oF nucleotrdes, Mot Nucleohab®s

mau e tnSerded tnko The laun, daleted, or fransiocated. Enach ol Hasse,

mulphony corredponds b o« chorme (n The shrvefvre ot the prolkein That fhe

Yo codet for whch May or oy not love sortout effects .

DNMA onjish of~ H niclroRdad — pdeantne, quantne, cytosine, + fhymine.

Adenine 3 quanine ore purthei , ond hove wmplemuniinsy Shvcorr b c{j}\,;m_g_+

Hhrumine, whieh are pyrimidines (A pairs weth T, o C paurs witn G) Thase Lve

nucleohder | opraityed {n Vortod Seq)/mcd‘a(pnc) a  Mmolecuin o DNVA o refpoasih s

Lor e inervedible divarsihg of proteins Hhot may he producad.  Nvcleofides cocka
C\:f prokeany, ta /h—zplx,lz, o todonf,

Caclh Amine g torresfponds bo Selerm|
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Sample Student Responses for FRQ 4
AlFcrept— codons, [L"f Codons cure passibila and 20 avnine agerds exitt vy

2 codons sigmalitng e ".rh,o“) The pnznotype oF an omemitin Yo resvib of—

e tortattond 1 Tha profeiny procvced i ﬂlubvoig,

Messelson ¥ SHahl porfrmee an Ww\mz"‘ P porve Lanigon & Cpmelets

h\%*’b\aF— Seynilons ertrarWe r“&?/]ltw’han O the DMA wolecde, Thae vied a centrtbure

+o Seprrrler Brs Evan boclera . The DNA Brmed a bond vsibly
i Fhe tobo..  When e bocterta (e qrown A A wiedium f«onhumr%,
Neavy nitrwagn (Sotpe (GN)‘, the bowd wostn K_dt%(bw('ﬁ{glaﬁ?/, when Theey

llowed the budreria b ginows 1 Hhe Mmediym )o% enwough for (gmmhum
-& Pepliiation. Mo bonh formed wosr befween the 7 {.LSLLf— & /Le_a_,v%
P nds, Loy e Cinne fhad— 1+ consubed of Yo lgink ) /s Lu,w@ DAA

E A waliom '
Oine Vot  epltcahon would yesult 11 oaly Hﬁqk!' & Medivm  bunds

9how(l&(c M l/lc:”\‘up n_&. (Y DMES wedeo all K,Q,u,. B‘MA’, L\JVHL{. '{’1/\-0- Dﬂ;\ﬂ—(‘

hotl yyere habrd light & heavy, This Proved fhot™ eoeh e, hall o~
’hru/ DINA Sewrved s o l&MpLZLPL For fb;L(lCal’lobLO’fA’ & Ao ha 1 of the noleeale,

"___—b'"—?
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Essay 3 (6 points)

DNFX meels  ach ot the. C«FHEFFQ because i+ can
@P&S@K e e ol (s rep[icajﬁom i which

eauh bal€ of the DA chand Sorves as ¢ demglee for o new

wase elicose which chedl¢ and Gx DNA
efocs {a.!mg widh DVA S€.). Ihe orron h
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A IR erging  Sequen alow PN m
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bated &U\’a\ﬁ whith asmno- cxudg ace L oduced Herefoce
d whidh _pheno expresced,

To determing dhedd OVAE wal in fudk the hore d; fory
modeciol wsed 1 defermine  the Ofgansm'¢ ﬁP\Qr\oﬁm@,. a few quakst
uSed \m}enoehaaes wrfotaled Wth PP and ”Q Miging a
b cla_enl \ € aero . S¢ion i ubl
o dedermine whether DV weg fhe heredifory maferal @ 7‘rac(r\\<;Lh
the  veerdt o of the |€()JrUQ€5 (%P ond uSX The %P wes
b Incorpated ko the back’x(oo\'\ﬁnes VA whie the 22S combined
with _another cellular or&&(\e\ ‘F’c)m te  now ¢olonies _godwced ‘Dg
dhe infected baL*QﬁLk Or\\ p'P was nf»eSenJr m&adv\o H\O&"‘
the  Ove Ko Ahe “oa[er\* bam(efq COIOr\f} wag Feoncr,d(‘Z& 04\(»
produced _in the onh“er bectoria CO[Or\fj T\ma&)f&f@f\/%’
had fo ke Ay, OQAQA‘\L m&\-@n@.\

arrangement to pheno' I
_carned 1. point for 1dent1fym
of the expenment .



Common Errors and Misconceptions

Students know many facts about DNA structure,

replication, transcription, and translation. Some of the

things we have learned from the responses are that
many students:

B know that the two chains of the double helix are

complementary but don’t understand why that

is significant

B know that there are hydrogen bonds between the

complementary base pairs but don’t understand

why that is significant

B understand the relationship of mutation to
DNA structure

B know a lot of technical vocabulary terms but are

very confused about how the details they have

learned fit together coherently

B know structure, but are generally weak on
process, or why structure is important

B do not understand what constitutes
experimental evidence

B do not distinguish between evidence and
conclusions drawn from evidence

B understand the relationship between genes
and proteins

do not understand the relationship between
DNA, RNA, nucleotides, amino acids,
and proteins

do not understand that gene expression

is phenotype

do not know the difference between replication
and transcription


lpassamonti


Table 4.2 — Scoring Worksheet

___Section I: Multiple Choice

—(1/4x )] X .7563 = =
Number correct Number wrong Multiple-Choice Weighted
{out of 119) Score Section I
chre
Section Il: Free Response
Question 1 X 1.500 =
{out of 10)
Question 2 X 1.500 =
(out of 10)
Question 3 X 1.500 =
(out of 10)
Question 4 X 1.500 =
{out of 10)
Sum = . = ;
Weighted AP Grade Conversion Chart
Section I Biology 1999 :
- Score . t
l Composite AP Grade
Score Range*
86-150 5
48-65 3
2947 dd
Composite Score 0-28 1
*The candidates’ scores are weighted
. _ - dccording to formulas determined
- - - ~each year by the Development Cor
Weighted Weighted  Composite Score - to.yield raw composite scores; the Ct
Section I Section II (Round to nearest Faculty Consultantis responsible for
Score Score whole number.) B converting composite scores tothe 5
AP scals;” - i
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